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INCREASED POWER - FACTOR 
RANGE FOR THE 
CAPACITANCE BRIDGE 

• IN THE FIVE YEARS SINCE ITS 
ANNOUNCEMENT the Type 716-4 
Capacitance Britlge has fulfilled its design 
s|iecifications as an accurate instniinent for 
the measurement of capacitance and as a 
worthy successor of the old Type 216 Ca¬ 
pacity Bridge. Its direct-reading precision condenser, in conjunction with 
four decade-spaced ratio arms, makes it possible to measure capacitances 
from 100 M/zf to 1 /if. Its use of the Schering bridge circuit simplifies the 

ticcRE 1. Panel view of the Type 716-B Capacitance Bridge. The 
new features arc the DISSIP.4TION FACTOR switch which controls a 
step condenser and the M17riIOD switch which allows either DIRKCT 
or SlJBSTitiititui measurements to he made. 
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measurement of dielectric losses by al¬ 
lowing the dial of the air condenser con¬ 
nected across the fixed ratio arm to be 
c.alibrated directly in dissipation factor.* 
The range of this dial, 0.06 (or 6%), has 
limited somewhat the usefulness of the 
bridge, particularly at frequencies below 
1 kc, where the dissipation factor of com¬ 
mercial dielectrics tends to increase. It is 
both for this reason and to simplify the 
use of the bridge in substitution meas¬ 
urements that a new model, the Type 
T16-B (Capacitance Bridge, is now in¬ 
troduced. 

The circuit diagram of the new model 
is shown in Figure 2. 'fhe changes and 
additions are shown with heavy lines. 
'Phe dissipation factor range of the older 
model was limited by the capacitance of 
the air condenser to slightly over 6%, 
corresjionding to a change in capacitance 
of 500 g/xf. A decade condenser, in w hich 
the unit steps are 308 has been 
added in the new model. This con¬ 
denser is mounted in the upper part of the 
insulated compartment containing the 
dissipation factor condenser, as shown 

*DiMipatinn farlor u ihr cntanfrnr »if ihr phaM iinitlr, 
whilf* power farinr ii. I he rneinr. 


Ficcrk 2. Circuit diagram of the new bridge. 
C.hatigcs and additions are shown by heavy 
lines. The mica decade cemdenser increases the 
dissipation factor range to 56%. 'Phe reversing 
switch makes possible a positive dissipation 
factor reading in substitution measurements. 

in Figure 3. I’he various steps are con¬ 
trolled by a Type 380 Switch showTi at 
the right of the condenser case and which 
ap|>ears on the paneJ in Figure 1 just 
above the DISSIPATION FACTOR 
dial. Each step adds 5% to the dissipa¬ 
tion factor reading, giving a maximum 
value of 56%. For this value, dissipa¬ 
tion factor and power factor differ by 
13%, and consequently the designation 
POWER FACTOR used on the older 
model has been changed to DISSIPA- 
'ITON FACTOR. This increased range 
in dissipation factor at 1 kc extends 
trorrespondingly the range at lower fre¬ 
quencies, being 5.6% at 100 cycles and 
3.3% at 60 cycles. 

When the bridge is used for substi¬ 
tution measurements, a balancing con¬ 
denser must be placed across the UN¬ 
KNOWN CONDENSER terminals and 
the unknown connected to the PAR¬ 
ALLEL CONDENSER terminals in 
parallel with the internal preejsion con¬ 
denser. The reading of the DISSIPA¬ 
TION FACTOR dial must then de¬ 
crease, and the short negative scale of 
0.15% is sufficient only for condensers 
with relatively small dissipation factor. 
'Fhe alternative of causing the DISSI¬ 
PATION FACTOR dial to read up-scale 
initially by adding a suitable condenser 
acro.ss the B ratio arm has proved cum¬ 
bersome. In the new moiiel a reversing 
switch has been added, as shown in Fig¬ 
ure 2, which transfers the dissipation 
factor condensers from the A to the B 
ratio arm and at the same time connects 
a small condenser across the A arm, 
e(]ual to twice the zero capacitances of 
those transferred. This condenser and the 
reversing switch are showm in Figure 3. 
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On ibe panel in Figure 1 the switch 
appears above the new DISSIPATION 
FACTOR switch as the METHOD 
switch with the two positions DIRECT 
and SUBSTitution. Schematic wiring 
diagrams of the bridge for these two 
positions of the METHOD switch are 
given in Figure 4. With the switch in 
the SUBSTitution position the dissipa¬ 
tion factor range of the bridge at 1 kc 
is 56% multiplied by the ratio of the 
total capacitance to the unknown ca¬ 
pacitance. The bridge can be balanced 
only for equal ratio arms with the CA¬ 
PACITANCE MULTIPLIER switch 
set at 1. 

Whenever in the Sobering bridge cir¬ 
cuit there are capacitances across both 


of the ratio arms, the shnple bridge 
equations no longer hold, and the dial 
readings are in error for both capaci¬ 
tance and dissipation factors. These 
errors are approximately equal to the 
product of the dissipation factors of the 
two ratio arms. They are, therefore, 
proportional to the dissipation factor 
reading of the bridge and at the maxi¬ 
mum reading of 56% can amoiuit to al¬ 
most 2%. Errors of a similar nature can 
occur even in substitution measure¬ 
ments. 

The new edition of the ojierating in¬ 
structions, Form 455-C, supplied with 
the Typk 716-B Capacitance Bridge, 


Figure 3. Rear view of tbe bridge with 8bield8 removed. Tbe iiiicu decade coiideuser, a, is coii< 
trolled by a Type 380 Switch, b. Tbe reversing switch, d, transfers the dissipation factor air con¬ 
denser, c, together with the decade condenser, a, from the A to the B ratio arm for substitution 
measurements and at the same time places condenser, e, across the A ratio arm to make up for the 
zero capacitances of condensers, d, and, a. 
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roiituiiir^ u roinplete <lirtcii8Hion of lli«‘ 
errors applying Laith to ilirort ami 8ul»- 
hliliitioii iiK^aHurenn^iitH. (ionvrrHioii 


Fn;i RK 1. 'I’licnr (liagraiTi!* Hht»w ihe bridge 
rireiiil for the two pottitioiii* of the MKTllOl) 
switch. The left-httiHl diagram if* for the I)|- 
l(K(7r |N>tiitioii, the right-hand for the SI B- 

STiliiti«iii |M»Hiti(m. 

formulae for rliaiigiiig from stories to 
parallel iin|MMJamrs are also inelmletl. 
L'sers of the oltler 'I'vi'K 716-A Capaei* 
laiiee Briilge will limi the new booklet 
of eonsitlerahle help in the measure* 
ineiit of a high resistance or any eapaci- 
taiuv having very large tlissipation 
factor. A <*upy will In* sent on request. 

K. F. F 1 KI.D 


SPECIFICATIONS 


Rin|0S: Direet Beading - ra|iaeilaiii*e, l(MI 
aiif to 1 af; <lissipation factor, 0.<Kt2' i to 
( 0 . 0 n 002 to 0.56 expr(*ssed as u ratio). 

SidiHliliitiort Method — capacitani'e, 0.1 p^f 
to KUH) with iiitemul standard; ttt 1 fx( 
with external standards: dissipation faettir, 

.5f»*,, X where f.*' is tfie capaeitanee of the 
standard ('OiideiiS4>r and C, that of the nnkiKm n. 
ACCliriCy: l)ire<’l Beading — capaeitanee. 

or d:2 X multiplier reatniig (0.2% 
of full si'ale for each ranged when the dissipa¬ 
tion factor of the unknown is less than I' f,; 
dissipation factor :i:0.0005 or dt2% of ilial 
reading, for values of /> below 10' ,'. 

.Siilwtitiitioii Methiid — capacitance d:0.2^( 
or _fc2 fifiU dissipation factor. d:0.(KKM)5 or 
zt2* i f'*** change in dissipation factor obserxed, 
when the change is less than 6'^ 

hen the dissipation factor of the unknown 
e,\ce<*tls the limits given aliove. additimial errors 
iKTCur in InoIi i^apacitance and dissipation-fat'lor 
reaifiiigs. (iorrec'lions are supplied, by means of 
which the aci'iiracy given alnive can be main¬ 
tained o\er the entire range of the bridge. 

Ratio Arms: 'I’he arm acroso which the dissi- 
•ation factor condenser is lairnuillv coniu'cteil 
las a resistance of 20,0tlf^ ohms. The other arm 
has four values, 20,(MKJ ohms, 2<KM) ohriis. 200 
ohms, 20 ohms, providing the four miiltijdyiiig 
factors I, 10. 1(M), MMX). Suitable coiiflensers 
are placed aemss thesi* arms, so that the prod¬ 
uct lU'. is constant. 

Standards: (lapacitance, Tyck 722 IVecisioii 
< loiideiiser direct reading from 100 /iM^ 

I MM) dissipation factor, Tyi»k .530-T (Ion- 
denser with si'mi-logarithmic s(*ale and dt*cude- 
step (‘«mdens«*r ealibrateil directly in di^sipa- 
tion factor at I kc. 

Shloldlni : Batio arnc-*. dissipation-factor c«ui- 
detisers. ami shielded transformer ore enclosed 


ill an insulated shielil. The iinknowii terminals 
are shielded so that the /.ero capacitance across 
them is not greater than 1 nfit. A metal dust 
cover and the alumiiinni panel form a complete 
external shield. 

Frequency Range: All calibration adjust¬ 
ments are made at 1 kc and the ac*curacy state¬ 
ments alaive hold for an operating fre<|ueiicv of 
1 kc. The bridge can lie used, however, at any 
frequency lK*tween 60 cycles and 10 kc. 
Dissipation-factor readings must lie ^•orrecle<l 
by multiplying the dial reading by the fre¬ 
quency in kilocycles. 

Voltage: Voltage applieil at the (rKNKB- 
ATDB terminals is step|H*d up by a 1-to-l 
ratio shielded transformer. A inaxiinum of 50 
volts can be applied to the transformer. If de¬ 
sired, |M>wer can be applied to the bridge be¬ 
tween the junctions of the pairs of rt'sisLance 
and capacitance arms. W ith equal ratio arms, 
a maximum of 7(M) volts can be applied. 
Mounting: 'I'he bridge is su|iplii*<l for mount- 
iiig on a 10-inch relay rack or for cabinet 
mounting. 

Accessories Required: Oscillator, amplilier, 
and telephones or rectilier meter. Type (»0H-A 
Oscillator, Type 811-A Amplilier, and esiern 
Wectric Type I(M)2-(^ Telephones are rectmi- 
mendiNl. 

For substitution measurements, a balancing 
condenser is needeil. This may be either an air- 
dielectric iiHMiel. Type 5.39-(., or a lixed mica 
condenser of the Type .505 seri(*s. 

Accessories Supplied: One 'Pype 27i-M 
Plug, one Type 271-1N(I Shielded Contliictor. 
and one Type 274-NK Shielded Ping and 
enable. 

Dimensions: (l.engtli) 19 x (height) 14 X 
(depth! 9 inches, over-all. 

Net Weight: 4 P 2 poumls. relay-rack nuMlel; 
.53^4 (Nmnds, cabinet mo«lei. 


Type f.We II tiTtl l^rice 

716->BB For Belav-Back Mounting no ms $:k3.5.tN) 

716-HM t^abinet \l<iunled hohom :i60.tM) 
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SUBSTITUTE 

•RECENT CONSERVATION 
ORDERS of llu* War Pr<Hlu<‘li<»ii 
Hoard parlu'ularly coiiceriiiiifr alnininurii 
have iiiaile 8uhsli In lions for lliis inelal 
iiiifM'ralive. New coiiservalioii rogiila- 
lions covering oilier materials are <*on- 
stanlly being issued, and one of llie 
principal jobs of our design slafl* is lo 
find adetpiale siibstilules for all of these 
crili<‘ally scarce materials. 

A primary objective of onr substitu¬ 
tion program must 1 m* to make use of the 
new materials with the minimum effect 
upon |R*rformance and with as little in¬ 
terference with the presi'iit rush produc¬ 
tion program as possible. 1'his task is by 
no means a simple om*, In'cause the |M*r- 
formance and utility of precision etpiip- 
menl frequently defMmd upon the ma¬ 
terials used, and because even slight 
changes in design w ill occasion delays in 
prfKluction. Nevertheless, progress is be- 

PRIORITIES 

•BECAUSE PRACTICALLY ALL 
OF OUR MANUFACTURING FA¬ 
CILITIES, as well as thos<* of our sup¬ 
pliers, are devoted to war projects with 
high [iriorily ratings, it is be(*oming in¬ 
creasingly difhcult for us lo repair in¬ 
struments or lo supply' replacement 
parts under the repair rating of A-IO, 
Reasonable delivery of materials and 
components such as wire, metal parts, 
meters, condenst*rs, resistors. IuIh's. bat¬ 
teries, etc., cannot usually 1m*. had except 
iiniler priority ratings much higher 
than A-10. 

If ecpiipment is lM*ing used directly or 
indirectly on war projects covered by a 
rating higher than A-IO, then a projH*rly 
executed preference rating extension w ill 
insure the repair being maile within a 


MATERIALS 

iiig made, and stdislilutes are gradually 
lading fouiul which can be used with¬ 
out ailversely alTecling the |K*rformance 
specilica lions. 

'Fhe problem is furllu'r complicated by 
the fact that shortages sometimes de- 
velo|) in suhstitutes, so that it may be 
necessary lo use dilTereiit materials at 
diftereiit limes for a given instrument 
part. It should Im* recognized, therefore, 
that two instruments cif the same tyin* 
number made at dilTcrcni limes may not 
weigh the same or even l<Mik exactly the 
same. 

All of niir facilities are devoted to war 
prorluction. We must try in every nay 
|Kissible to keep vital material moving, 
hut if your tleliveries are delayed we 
ho{>e that voii will b<; patient while the 
technical and manufacturing problems 
connecti*d with subslitiilions are being 
solved. —A. E. Tiiikssex 

AND REPAIRS 

lime consistent with the higher rating. 
Otherwise*, it will Im* ne<*e.ssary for us lo 
order replacement parts or material un¬ 
der the A-10 repair rating, and it is quite 
prohahle that delays of many months 
will result. W e must rect*ive the pnMif of 
preference rating and purchasi* order Im*- 
fore work is started on any repair. 

The Service Department is equip{M*d 
to handle repairs very pronqitly. Re¬ 
turned instruments being usetl on high 
priority projects are given preferem*e in 
accordance with their indivi<lual ratings 
and flates, w hich, of course, are beyoiul 
our control. W hether or not you have a 
prefereiu;e rating, remembi*r that a set of 
our St*rvi<*e and Maintenance Notes will 
often enable you lo make repairs and n*- 
adjustrnents in your own plant. 

— II. II. Dawk.s 
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A NEW TYPE 274-M DOUBLE PLUG 


• ANOTHER FAMILIAR STAPLE 

of the General Radio line takes on a 
new and streamlined form with the 
announcement of the new Type 274-M 
Double Plug. 

The new plug, wliich replaces both 
the Type 274-M (black bakelite) and 
the Type 274-ML (yellow bakehte), is 
molded from polystyrene, a compara¬ 
tively new molding material with greatly 
superior electrical characteristics. 

The new Type 274-M has a power 
factor of about .07% at 1000 cycles per 
second as compared to a power factor of 
13.2% for the black bakelite and 1.70% 
for the yellow bakelite of the previous 
type. The leakage resistance between 
pins is greater than 10^ megohms. This 
is of the same order of magnitude as the 
earlier yellow bakelite plug but com¬ 
pares with only 65,000 megohms for the 
black bakelite. 

The capacitance between pins has 
also been somewhat reduced. It is now 
about 1 fiiif compared with 1.5 and 1.75 



for the yellow and the black bakelite 
respectively. 

The new plug is of improved appear¬ 
ance, in conformity with present tend¬ 
encies for simple forms, and is so 
shaped that it can be easily and posi¬ 
tively gripped by the fingers. A dot is 
molded into the rim of one jack in order 
to make possible the identification of 
terminals. 


Type 

274-M 


Code ffWd 

Double Plug. 1 STANPARBUG 

Package of 10. 


Price 


$0.50 

3.50 


LOW-CAPACITANCE TERMINALS 



• A COMPANION ITEM to i\w 

new Type 274-M Double Plug is the 
Type 138-UL Binding Post Assembly, 
designed for uses where low capacitance 
and low leakage conductance are re¬ 
quired. 


Figl'RB I. View of a pair of Type 138-L)L 
TerminalH mounted on a metal panel. 
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Figure 2. Capacitances associated with a pair of terminals and a single terminal 
mounted on a metal panel. The capacitance between binding post and panel 
includes the capacitance to free space. 


The Type 138-UL Binding Post As¬ 
sembly consists of a nickel-plated brass 
binding post (with knurled top), and two 
hollow conical insulators, molded of 
polystyrene, ft is designed for mounting 
on panels from He*' to 34*" thick, through 
a hole. With this mounting hole the 
spacing between panel and stud exceeds 
insuring a very low capacitance to 
panel. The power factor associated with 
this capacitance is low, because the only 
solid dielectric is low-loss polystyrene. 
The <l-c leakage resistance through the 
polystyrene is also low, and the effect of 
surface leakage is minimized by the use 
of a stepped conical insulator, which in¬ 
creases the length of the leakage path 
over that of a smooth cone. Figure 1 


shows a pair of terminals mounted on a 
panel, while Figure 3 shows the details 
of the various parts. 

The sketches of Figure 2 show the 
capacitances associated with a pair of 
terminals and with a single terminal, 
mounted on a J/^*' metal panel. The ef¬ 
fective leakage resistance is greater than 
10* megohms. 

The shank is slotted to take a wire or 
a pin terminal and is drilled to take a 
Type 274 Plug. Two of these terminals 
can be mounted with spacing to take 
the Type 274-M Double Plug. 

Although they are not designeil pri¬ 
marily for high-voltage use, these ter¬ 
minals can safely lie used at voltages up 
to .lOOO volts. 


Type Code Word Price 

138-lIL I Binding-Post APBcmbly, 1 stanparulk $0..>0 

I Package of 10.| t.OO 


Figure 3. View of a 'Pype I.38-UL Terminal disassembled, showing the c^»mponent parts. The 
projections on the base of the tw'o polystyrene pieces interlock so that the terminal ran he mounted 
on a panel as thin as The 
narrow slot is prfjvidcd to 
take a projecting key on the 
mounting hole to prevent the 
insulator from turning. 
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SERVICE AND MAINTENANCE NOTES 


• ONE WAY OF AVOIOING IN¬ 
TERRUPTIONS in war production is 
to Iw sure that testing: and measuring: 
equipment is maintained in its profier 
operating condition. Returning e<piip- 
ment to the manufacturer l)ecau8e of a 
minor <lifl[iculty such as a defective lube, 
resistor, or «-omlenser, may mean a seri¬ 
ous delay to you. A copy of our Service 
and Maintenance Notes will help you to 
avoid this situation with (>eneral Radio 
equipment. 

TTies<; notes, which have been com¬ 
piled from the records of the Service De¬ 
partment, Standardizing Laboratory, 
and Engineering Department, will, in 
most eases, enable the user to locate and 
remedy ordinary ojierating diflicndties 
that do not require the use of elaborate 
equipment for testing and checking. 

The notes are sent free of charge to 
users of General Radio equipment. They 
have already l>een distributed to many 
of our customers and have proved their 
value in obviating the return of instni- 
rnents to our factory for minor repairs. 




► 


We urge you to s<*nd us the type and 
s<‘rial numhers of your (General Radio 
(Hpiipment so that your copy of Service 
and Maintenance Notes can he mailed 
promptly. 


General Radio EXPERlMEiSTER is mailed tcithout charge each 
month to engineers^ scientists^ technicians, and others intereste€l in 
communication-Jretiuency measurement and control problems, When 
semling requests for subscriptions and ad€lress~change notices, please 
supply the following informatum : name, company name, company ad~ 
firess, type of business company is engage€l in, and title or position of 
individual. 


GENERAL RADIO COMPANY 
30 STATE STREET - CAMBRIDGE A, MASSACHUSETTS 
BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 
1000 NORTH SEWARD STREET. LOS ANGELES. CALIFORNIA 
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